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Field of th e invention 
The invention relates to vaccines directed against antigens such as membrane 
proteins from pathogens or tumor cells. The invention further relates to methods of 
forming reconstituted viral membranes, with membrane fusion activity, which are Upid 
bilayer membranes containing tiie natural Upids of a virus, amphiphiUc antigens as weU 
as amphiphiUc adjuvants, and to pharmaceutical compositions comprising such 
reconstituted viral membranes. 



Background of the inv^ntint. 

ClassicaUy, vaccines against enveloped vmises eitiier contain killed or Hve 
attenuated viruses, or they comprise a preparation of their constituents (e.g. spUt virus 
or subunit preparations). For vaccination, these preparations are usually injected. After 
mjection. the viruses or proteins present in such vaccines are taken up by antigen- 
presenting cells of the immune system such as dendritic cells or macrophages, followed 
by a presentation of the antigenic parts of the vaccines to effector cells of the immune 
system. Vaccines are effective when injected because antigen-presenting cells are most 
abundant just under the skin. However, it has now become clear that similar cells are 
also present in tiie mucosa that, for mstance, lines the nose (Ogra et al. 200 1). In order 
to induce these phagocytes present in the mucosa to mount an immune response, much 
stionger stimulation is required than for those present under the skm (Janeway et al 
2001). 

While the injection of some viruses or proteins contained in vaccines, for 
25 example influenza or measles virus, eUcits an immune response that is sufficiently 

strong to protect against a later infection by the same virus, this is not the case for many 
others, for example respiratory syncytial virus. Nmneious attempts to reinforce tiie 
immune response by physical or chemical means have been undertaken. The most 
important principles that have emerged from such experiments are: (1) for physical 
•-''-ulation, multiple copies of the viral proteins need to be combined in particles. 
These particles can be whole vnuses. reconstituted viral membranes, or proteins on 
microparticle carriers. Particles stimulate the immmie system better than individual 
subunits (Ogra et al. 2001; Janeway et al. 2001). (2) Chemical stimulation on the other 
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hand r^s that the phagocytes or the effector cells of the immune system receive 
certam signals through receptors present on surface of the antigen-presenting ceU, for 
instance through the use of adjuvants, chemical compounds that are recognized by 
these receptors. 

With suffici^it additional physicochemical stimulation, viral proteins can eUcit 
sHong mmiune responses even if appUed to mucous membranes, for example tq>on 
apphcation to Hie nose (Ogm et al. 2001). Most of the cuixent methods and 
compositions for stimulating an immune response by such means, ^vhether by chemical 
or physical means or combinations of the two principles, have significant disadvantages 
that will be outlined below. 

A particular kind of vaccine composition that was developed in the art is known 
as 'virosomes'. which are Hpid bilayers containing viral glycoproteins. Virosomes may 
comprise reconstituted viral membranes, generally produced by extraction of 
membrane proteins and Upids from enveloped viruses with a detergent, followed by 
addition of lipids, and removal of said detergent from the extiacted viral membrane 
protems and lipids, such that characteristic Upid bilayers are formed with the proteins 
protrudmg from them (Stegmami et al. 1987). Virosomes may also comprise 
membr^es fomied from purified viral proteins and synthetic or natural lipids, or other 
substances that will form a bilayer. A characteristic feature of virosomes is that they 
closely mmiic the composition, surfece architecture and functional activities of the 
native viral envelope. A particularly hnportant characteristic of said virosomes mvolves 
the preservation of the receptor-binding and membrane fusion activity of the native 
viral envelope, allowing the virosomes to enter the same cells that the virus would be 
able to enter, and to be presented to the immune system by these same cells 
Preservation of receptor-binding and membrane fusion activity is essential for 
expression of the fuU immunogenic properties of said virosomes (Arkema 2000- 
Bungener 2002). 

For some viral antigens, virosomes eUcit protective immune responses that can be 
sfrong even when the vaccine is. for example, deUvered intranasally (as is exemplified 
in WO 88/08718 and WO 92/19267). However, other virosome formulations exhibit 
only marginally improved immunogenicity as compared to killed virus or subunit 
preparations (as exemplified in (Gliick et al. 1994). In this cited example, the virosomes 
were generated through a protocol mvolving addition of exogenous Upids, which we 
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have found to result in a composition of the virosomes and a surface architecture 
different &om those m the native viral envelope. It is kno^ to a person skilled in the 
art that such a different surfece architecture may affect the membrane fusion properties 
of the vurosomes produced and thus their mununogenicity. 

To enhance the immune response. aUowing intranasal appUcation of tins vaccine 
an adjuvant protein ftom ^cherichia coli (heat-labile toxin) was mixed wiih the Upid- ' 
supplemented virosome influenza vaccine (EP 0 538 437). Clinical trials indicated that 
additron of the toxin was absolutely required to induce serum antibody titers equivalent 
to mjected vaccine (Gltick et al. 1994). Although addition of the toxin did ti.us enhance 
the mununogenicity of this vaccine, it also mduced a serious side effect known as 
BeU's Palsy, a temporary paralysis of facial muscles. Smce the adjuvating effect of the 
toxm xs due to recognition by an antigen-presenting cell, there is no certainty in this 
case that the toxm and the viral protein will contact the same cell, and therefore a 
relatively high concentmtion of the toxin wiU be needed in order to ensure activation of 
every cell, increasing the chance that antigens will be recogni^ by an activated ceU 
Hierefore this type of virosome preparation with added Upids has a fair number of 
disadvantages. 

Virosomes have also been prepared from purified influenza antigens, mixed with 
denvatives of muramyldipeptide (EP 0 205 098 and EP 0 487 909). In this case the 
muramyldipeptide derivative forms the membrane. Although muramyldipeptide' is an 
adjuvani, and the fommlation was indeed found to enhance the immune response to the 
influenza antigens, muramyl dipeptides are pyrogenic (Kotani et al., 1976; Dinarello et 
aL. 1978). are cleared rapidly from the body following injection, and have local toxicity 
leadmg to granulomas and inflammation (Ribi et al., 1979; Kohashi et al. 1980) 
Moreover, they have a limited shelf life at neutral pH (Powell et al.. 1988). and the 
optmxal pH to maintain their structural integrity is too low to allow their formulation in 
a vaccine together with the fusion protein of viruses that enter cells by receptor- 
mediated endocytosis. such as the hemagglutinin of influenza virus. Moreover, such 
synthetic membranes are not a good mimic of the natural viral membrane and thus the 
umnune response to them will differ from that generated against the virus 

Alternatively, researchers in the art have also genemted complexed antigens 
different from reconstituted viral membranes, such as Wunostimulatory Complexes' 
aSCOMs. Morein et al. 1984). containing viral proteins complexed wilh adjuvants 
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such as saponins like Qml A® (EP 023 1039B1; EP 0109942A1; EP 0180564A1) most 
of which are isolated from the bark of QuUlaia sopanaria Molina. Mixed with antigen 
and Upids such as cholesterol, these adjuvants form cage-like structures of between 30- 
40 nm, rendering the antigen particulate, while acting at the same time as an adjuvant 
Although ISCOMs have been used in a number of veterinary vaccines, and enhance the 
mmiunogenicity of the viral membrane proteins, the development of such vaccines for 
humans has been inhibited by concerns about their toxicity and the complexity of the 
mixture (Cox et al. 1998). 

More recently, proteosome influenza vaccines were developed (US appUcation 
20010053368), consisting of non-covalent complexes of the purified outer membrane 
proteins of bacteria such as meningococci, mixed with antigenic proteins such as the 
influenza hemagglutinin or the human immunodeficiency envelope glycoprotein. While 
these multiple bacterial proteins may act as adjuvants, the complex nature of such 
mixtures, consisting of multiple protems, will present a regulatory issue. Moreover the 
munune response is dh«>ted against all of the proteins and other antigens present in the 
solution, and less specifically against the viral proteins. 

Another particulate formulation developed by Biovector Therapeutics consists of 
an inner core of carbohydrate surrounded by a Kpid envelope containing antigens 
.With influenza hemagglutinin as the antigen, some enhancement of the immune 
response was noted, but not significant enough to warrant fiirtiier development. 

Live attenuated versions of respiratory viruses, such as a cold-adapted strain of 
influenza vmis with minimal repUcation in the respiratory tract have been developed as 
intranasal vaccines. These vaccines have the distinct advantage of inducing immune 
responses that are close to the natural immunity induced by an infection with wild-type 
virus. For influenza, such vaccines have been known since the 1980's, and now appear 
close to commercialization. The delay has been caused by flie abiUty. that many viruses 
share. 1« mutate rapidly, causing the attenuated viruses to revert partially of wholly to 
wild-type virus, and thereby in feet causing the disease they were meant to prevent 

For the above reasons, it is well recognized in the art that. especiaUy to induce 
mmiune responses for pathogens that do not by themselves induce a strong munune 
response, and for intranasal and other mucosal appUcations. although compositions 
such as ISCOM's and proteosomes were developed, there still is a great need for weU 
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The present invention provides novel means and methods that solve a number of 
problems and difficulties outlined above. The mvention provides a reconstituted viral 
membrane comprising an amphiphiUc adjuvant and an antigen, wherein said adjuvant 
and said antigen interact through hydrophobic mteractions, are both present with the 
lipid bUayer membrane of the reconstituted viral membranes, and in which the 
reconstituted viral membrane has membrane fusion activity that is superior to that of 
virosomes prepared according to EP 0 538 437. The reconstituted viral membrane 
further closely mimics the composition, surfece architecture and functional properties 
of the viral envelope from which the reconstituted viral membrane is derived. The 
invention further provides a method for pr<;ducing such reconstituted viral membranes, 
comprising some or all of the following steps: i) dissolvmg the virus in a suitable 
detergent u) removing the viral genetic material and core proteins iii) contacting one or 
more amphiphiUc molecules having adjuvant activity and an antigen in a solution 
comprising a detergent; and iv) removing the detergent under conditions that aUow 
reformation of the membrane. 

Moreover, the invention provides a pharmaceutical preparation comprising 
reconstituted viral membranes according to the invention, a pharmaceutically 
acceptable carrier, as well as the use of such reconstituted viral membranes or a 
pharmaceutical preparation according to the invention in therapy or prophylaxis, either 
by intranasal, oral or parenteral deUvery. 

« 

Description nf ^1». m^^^ti^n 
hi a first aspect, the present mvention pertains to a reconstituted viral membrane. 
The reconstituted viral membrane preferably comprises: (a) a Upid bilayer; (b) a fusion 
protein of a virus; (c) an amphiphiUc adjuvant; and, (d) optionaUy. a further antigen, hi 
the reconstituted viral membrane, preferably, the Upid bilayer has a Upid composition 
that is compatible with fusion, as induced by the fusion protein, of the viral membrane 
with a host ceU of a natural host of the virus. Preferably Upid composition is compatibl 
with fusion at the optimal pH of fusion. Preferably, the fusion protein, the amphiphiUc 
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adjuvant and preferably also the optional further antigen interact wilii the hydrophobic 
interior of the Upid bilayer. Le. are associated with, integrated into, and/or embedded in 
the bUayer of the viral membrane through hydrophobic interactions with the Upids of 
the bilayer and/or each other. Further preferred is that the fusion protein and the 
amphiphilic adjuvant are not covalently linked. Preferably, the amphiphilic adjuvant 
and the further antigen are.aiso not covalently linked. The viral membranes of the 
invention are preferably functionally reconstituted viiBl membranes comprising Upids, 
preferably natural Upids of a virus, an amphiphiUc adjuvant, a viral fusion protein and 
one or more antigens, wherein the amphiphiUc adjuvant. Upids ^dIal fusion proteins and 
antigens interact primarily through hydrophobic interactions, wherein the hydrophobic 
part of tiie amphiphiUc adjuvant preferably forms an integral part of a Upid bUayer 
membrane, which bilayer further contains the fusion protem. antigen(s) and Upids. By 
functional reconstitution is meant, tiiat tiie reconstituted membrane has membrane 
fusion activity. A preferred reconstituted viral membrane is in tiie form of a vesicle. 

A fusion protein of a vmis of a virus is herein understood to mean an integral 
membrane protein of a virus, usuaUy an enveloped virus that, if expressed on the 
suifece of a suitable mammaUan (or avian) ceU, can induce fusion of tiie ceU, at an 
appropriate pH, witii cells tiiat are a natural host for tiie virus (see e.g. Hemaiidez et al.. 
1996). Examples of viral fusion proteins for incorporation into tiie reconstituted viral ' 
membrane include tiie SemUki Forest virus El protein, tiie Influenza virus 
hemagglutinin (HA) protein, tiie HIV gpl20/gp41 proteins, tiie F proteins of 

paramyxoviruses. Two types ofviral fusion protein induced fusion can be 
distinguished. The first type of fusion, such as e.g. induced by tiie HIV gpl20/a>41 
proteins, occurs at neubal pH at tiie surface of tiie targeted host ceU. Ihe second type of 
fiision, such as e.g. induced by tiie hifluenza vkus hemagglutinin (HA) protem. occurs 
upon intemaUzation at lower pH (5.0 - 6.5) fi»m witiiin ttie endosomal compartment of 
tiie host ceU. Botii types of fusion are specifically included m tiie present invention. 

The capabiUty of tiie reconstituted viral membranes of tiie invention to fuse witii 
a host ceU is tiius dependent on flie presence of an appropriate viral fiision protem. 
30 However; tiiis capabiUty is further dependent of tiie Upid composition of tiie bUayer of 
tiie reconstitirted viral membrane, as virosomes composed of syntiietic Upids and viial 
fiision proteins have been described in tiie art tiiat are mcapable of fiision. The Upid 
composition of tiie reconstituted viral membranes is tiius preferably chosen such tiiat 
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the membranes are capable of fiision ^th appropriate host cells at an appropriate pH 
The capabiUly of the reconstituted viral membranes to fuse may be assayed in an 
erythrocyte ghost fizsion assay as e.g. described in Example 3 herein. For reconstituted 
viral membranes comprising the influenza hemagglutinin, a preferred fusion activity in 
this assay induces the fusion of at least 30 V. of reconstituted viral membrane vesicles 
with erythrocyte ghosts after 1 minute, if 1 pM virosomes is mixed with 50 pM 
erythrocyte ghosts membrane phosphoUpid at a pH that is optimal for the 
hemagglutinin in question. 

A preferred fusion activity for other reconstituted viral membranes, that camiot be 
tested by the above assay, is the fusion upon addition of the reconstituted viral 
membranes to ceUs capable of being infected by the virus from which their fusion 
proteins are derived. The reconstituted membranes should fuse at least IQ% of the ceUs 
that would be fused by the virus fix>m which their fusion proteins are derived. 

One preferred Hpid composition that provides the reconstituted viral membranes 
with fusion activity is a Upid composition that comprises natural Upids of a virus The 
temi "natural Upids of a virus" is herein understood to mean those Upids that are present 
m the membrane of a virus grown on ceUs. preferably mammaUan. or grown on 
embryonated eggs. The natural Upids of a virus are thus preferably obtained or isolated 
from vu:us particles thus grown, as opposed to synthetic Upids. However, functionaUy 
reconstituted viral membranes of the invention may comprise purified Upids from other 
sources, e.g. synthetic Upids. in addition to the natural Upids. A Upid composition for 
the provision of the reconstituted viral membranes with frision activity is thus 
preferably a composition that is obtained or obtainable from natural viral membranes 
Lipid compositions for use in the present invention thus mclude compositions 
exclusively composed of natural Upids of a virus, compositions composed of natural 
hpids of a virus supplemented with Upids from other sources, as weU as compositions 
composed of Upids from various sources, which mimic the Upid composition of a 
natural viral membrane. 

Adjuvants are herem mtended to include any substance or compound lhat ^en 
used, m combmation with an antigen, to immunise a human or an ammal. stunulates the 
unmune system, thereby provoking, enhancing or faciUtatmg the immmie response 
agamst the antigen, preferably without generating a specific unmune response to the 
adjuvant itself. Preferred adjuvants enhance the immune re««««c<> . 
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antigen by at least a fector of 1.5. 2. 2.5. 5. 10 or 20. as compared to the immune 
response genemted against the antigen under the same conditions but in the absence of 
the adjuvant. Tests for determining the statistical average enhancement of the immune 

response agai:^ a given antigen as produced by an adjuvant in a group of animd^ 
hmnans over a corresponding control group are available in the art. The adjuvant 
preferably is capable of enhancing the immune response against at least two different 
antigens. The adjuvant of the invention will usually be a compound that is foreign to a 
mammal, thereby excluding immunostimulatory compounds that are endogenous to 
mammals, such as e.g. interleukins, interferons and other hormones. The adjuvants to 
be mcorporated m the fimctionally reconstituted viral membranes of the mvention are 
preferably amphiphilic adjuvants. 

tern "amphiphiUc adjuv™." is fatended to inchule any adjuvant i«l«diag 
conipounds iilce UpopepUd« and glycolipida. having hydrophobic membrane 
embedded and environm«.t oriemed polar (head group) moietiea and which, p^faably 
by .taelt can associate witt. or more prefe^bly integrate into Upid hilayer veaides or 
mtcelles in «ater. Tta teim abo indudea any amphiphiUc adjm«t that ia stably 
mco,pora«l into Upid bilayers (comprismg the natmal Bpida of a vinia) with ita 
hydiophobic moiety in contact with the interior, hydrophobic region of the bilayer 
membrane, and its polar head gtot^ moiety oriented toward the exterior, polar auAce 
of the memtaane. However, mote hydrophobic adjuvants having a less pronounced 
amphiphUicHy, i.e. having no or only weakly polar head group moieaes. but which can 
associate with, or integ«ie i„,„ Upid bilayer vesicles, are speciflcaUy not excluded 
fiom the invention. The "«nphiphiUc adjuvants" with adjuvant activity as used herein, 
thus mclude naturaUy occ^ or (partly) synthetic a^uvants that are c<*able of 
fcm-ng a «com«uted viral membrane together with one or mote antigens of interest 
and natmal Upids of a virus in an aqueous enviromnent mrier conditions lha. aUow the 
formation of a reconstituted viral membrane. 

In a ptefetred embodiment, the amphiphiUc adjuvant present in the reconstituted 

vnal memhane is pharmaceuticaUy acceptable for use in humans, in contrast to e g 
Qml a™ or other s^onins, vdach are amphiphiles with adjuvant activity that have 
been tested in certein settings m the art. Tl» amphiphUic a<Suvants of the mvention are 
pteferably not covalemly Unked to the antigens but ate present together in the Upid 
bdayer of the reconstituted membrane. The fact the antigen «k1 adjuvant are not 
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covalently linked assures that processing of the antigen and presentation of its epitopes 
to the immune system is essentially identical to that of the natural protein alone, 
ensuring good recognition of the protein present on the natural pathogen. On the other 
hand, the hydrophobic mteraction of the antigen and the adjuvant with the Upid bilayer 
(and each other) allows for a distribution of the adjuvant and antigen over the 
reconstituted viral membranes in a preparation whereby the majority of the membrane 
vesicles m a preparation contam both the antigen and adjuvant in a single vesicle more 
preferably at least 60. 70. 80, 90, 95 or 95o/o of the vesicles contain both the antigen and 
adjuvant. The combmation of antigen and adjuvant ux a single m«nbrane or vesicle 
aUows delivery of the antigen to the antigen presentmg cell that is activated by the 
adjuvant, thereby mcreasing the therapeutic and/or prophylactic efficacy of the 
reconstituted viral membranes. 

hi a preferred embodhnent of the mvention said amphiphiUc adjuvant is 
recognized by a Toll-like-receptor (TLR) present on antigen presentmg cells. Various 
compounds recognized by TLR's are known in the art and mclude e.g. Upopeptides, 
Hpopolysaccharides, peptidoglycans, Uopteichoic acids. Upoprotems (from 
mycoplasma, mycobacteria or spkochetes), double-stranded RNA (poly I:C), 
unmethylated DNA. hpoarabmomannan, flageUm, CpG-contammg DNA, and 
hnidazoqumolines. Not aU TLR-recognised compounds are suitable as adjuvants as e.g. 
the toxicity of wUd-type Gram-negative bacterial hpopolysaccharides is too high for 
them to be used as adjuvants, i.e. they are not pharmaceuticaUy acceptable for use m 
humans. The o&er TLR-recognised compounds may however be used as adjuvants. 
Such TLR-recogriized adjuvants may be amphiphiUc adjuvants by themselves, or 
alternatively they may be modified mto an amphiphiUc adjuvant, e.g. by coupUng 
hydrophobic compounds (see below) to a polar TLR Ugand. Alternatively, the 
amphiphiUc adjuvants may target other receptors. A preferred amphiphiUc adjuvant is a 
Upopeptide, which may be produced syntheticaUy or semi-syntheticaUy . A preferred 
Upopeptide for use as amphiphiUc adjuvant has adjuvant activity and is 
pharmaceutically acceptable for use m humans. A Upopeptide of the invention is a 
molecule that wiU usuaUy consist of one or more (oUgo)peptides covalently coupled to 
one or more hydrophobic compounds selected from fetty acids, Upids. ceramides. 
plasmalogens, aUq.1 or alk^ne chains, or sterols. GeneraUy, Upopeptides for use i^ the 
present invention preferably comprise 3. 4. 5. 6, 7, or 8, ammo acids, preferably the 
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peptides comprise 40 - l^A anuno acids that are positively charged, of which lysine 
and arginine are preferred, and preferably tixe peptides comprises one or more serines 
and/or cystemes. Especially preferred Upopeptides are listed in Table 1. 

In another embodiment of the invention said amphiphiUc adjuvant is a glycoUpid. 
A preferred glycoUpid for use as an^hiphiUc adjuvant has adjuvant activity and is 
pharmaceuticaUy acceptable for use in humans. GlycoUpids are Upids (or other 
hydrophobic compounds) covalentiy coupled to one or more sugars. In a highly 
preferred embodiment the invention provides reconstituted viral membranes according 
to tiie invention, in which tiie glycoUpid is a a-galactosylceramide or a phosphatidyl 
inositol mamioside. The terms "an a-galactosylceiamide" and "a phosphatidyl inositol 
mamioside" are intended to include any derivative of either one. Derivatives of these 
molecules having adjuvant activity and fliat are usefol in the context of flie present 
invention are e.g. described in US 5.936,076 and in US 4,542,212, respectively. Oflier 
suitable glycoUpid adjuvants for use in tiie invention include e.g. modified forms of 
endotoxic Upopolysacchaiides (LPS) of Gram-negative bacteria having reduced 
toxicity of flie Lipid A portion tiie LPS but retaining (part of) flie adjuvant activity, as 
may be obtained from genetically modified Gram negative pathogens and as reviewed 
in WO02/09746. 

A modified LPS for use as amphiphiUc adjuvant in the invention preferably has a 
modified Lipid A moiety witii reduced toxicity. The toxicity of a modified LPS 
preferably is less flian the toxicity of a corresponding wild-type LPS. more prefembly 
the toxicity of the modified LPS is less than 90, 80. 60, 40, 20, 10, 5, 2, 1. 0.5 or 0.2-/0 
of the toxicity of the wild-type LPS. The toxicities of wUd-type and various modified 
LPS's with reduced toxicity may be determined in any suitable assay known in the art. 
A preferred assay for determining tiie toxicity. i.e. tiie biological activity of tiie 
modified LPS's is the WEHI t«st for TNF-alpha induction in tiie MM6 macrophage ceU 
hue (Espevik and Niessen, 1986, J.Immunol.Metiiods 95: 99-105; Ziegler-Heitbrock et 
al.. 1988, mtXCancer 41 : 456^61). On tiie otiier hand, a modified LPS witii reduced 
toxicity should still have sufficient immunostimulatoiy activity, i.e. adjuvant activity. 
The modified LPS witii reduced toxicity preferably has at least 10, 20, 40, 80, 90 or 
100% of tiie immunostimulatory activity of tiie corresponding wild-type LPS.' The 
immunostimulatory activity may be determined in vivo in laboratory animals as 
described above or in tiie Examples herein, or in vitro, e.g. determining tiie maturation 
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Of dendritic cells stimulated by incubation with the LPS to be tested by measuring the 
production of at least one cytokine (e.g. one of IL12. ILIO, TOF-alphq, IL6 and IL-l- 
beta) by the LPS-stimulated dendritic ceUs. or by measuring the expression of at least 
one costmxulatory molecule (e.g. CD40 or CD86) on the LPS-stimulated dendritic cells 
In another aspect of the present invention, the amphiphiUc adjuvant present in the 
vnrosome according to die invention, is a peptide, preferably an amphiphiUc peptide A 
preferred peptide for use as amphiphilic adjuvant has adjuvant activiiy and is 
phamiaceuticaUy acceptable for use in humans. Peptides, in particular polar peptides 
with adjuvant activity may be rendered into amphiphiUc adjuvants by (covalently) 
hukmg them to a suitable hydrophobic compound (see above). Alternatively 
an^hiphilic peptides may comprise a hydrophobic streteh of amino acids such as a 
transmembrane sequence as described below. A preferred peptide comprises a sequence 
from the Notch Ugand Jagged-1 (see Weijzen et al.. 2002; Genbank accession no. AAC 
52020) or a sequence from the St<^hylococcus aureus protein A. Peptides having 
sequences from Jagged-l or protein A are preferably covalently coupled to a suitable 
hydrophobic compound (see above) and/or comprise a transmembrane sequence (see 
below). The (polar) part of the Jagged-.l or protein A derived peptides that protrudes 
from the Upid bUayer preferably comprises no more lUan 3, 4. 5, 6, 7, or 8, amino acids. 

The reconstituted viral membranes of the invention are preferably suitable for 
both parenteral and mucosal (e.g. imxanasal or oral) administration. An important 
aspect of the present invention is. however, that the reconstituted viral membranes of 
the present invention can be appUed for intranasal delivery of antigens that would not 
nomially eUcit a sufficient immune response upon intranasal deUvery in the treated 
subject to protect against subsequent infection by liie pathogenic organism comprising 
25 the antigen. 

The reconstituted viral membranes of the invention comprise a viral fusion 
protein and. optionaUy a further antigen. Thus, it is to be understood lhat the 
reconstituted viral membranes comprising only a viral fusion protein and no further 
antigens are apart of the invention, m which case the viral fusion protein also has a 
function as antigen, in addition to its fimction as fusion protein. On the other hand, the 
reconstituted viral membranes may thus comprise one or more further antigens in 
addition to the viral fusion protein. 
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The antigens that are part Of the reconstituted Vital membrane accord^ 
invention preferably have a hydrophobic part that is capable of being inserted in the 
hpid bUayer membrane of the reconstituted viral membrane vesicle. Many pathogenic 
entities such as vkuses. bacteria, yeasts and parasites carry in their capsid, cell waU or 
membrane, proteins that eUcit an immune response in the host Examples of antigens 
that have hydrophobic elements, such as e.g. transmembrane segments, and that are 
smted to be part of a reconstituted viral membrane according to the invention are 
proteins present in the membrane (also called envelope in the case of viruses) of the 
pathogen. Therefore, in preferably, the antigen present in the reconstituted viral 
membrane of tire invention is an integral membrane protein. The antigenic proteins in 
the reconstituted viral membranes of the present invention are oriented in the same way 
as they appear on the viral or cellular membrane, but may present epitopes that are 
normally partially or at least temporarily hidden when present in a membrane Upid 
bUayer. Stimulation of ihe immune system by these antigen-presenting reconstituted 
viral membranes may be due to a combination of their specific recognition by cells of 
the mmiune system, their particular character, the presentation of the protein, and the 
uncovering of hidden epitopes. Preferably, the antigenic proteins that are used in the 
reconstituted viral membranes of the invention comprise one or more protective 
epitopes, i.e. epitopes capaWe of eUciting an immune response in a mammal that 
provides protection against infection by the pathogen from which the antigen is 
derived, or that provides protection against a tumor expressing the antigen. 

In preferred embodiments, said antigens are derived from a virus, a parasite a 
fungus or a bacterium. EspeciaUy preferred are reconstituted viral membranes, wherein 
sard antigen is derived from influenza virus. Proteins from influenza virus that can be 
used m reconstituted viral membranes of the present invention are preferably the 
hemagglutinin (HA) protein, the neuraminidase (NA) protein and/or the M2 protein, 
alone or in combination. 

Antigens that can be appUed and used in the formation of the reconstituted viral 
membranes according to the invention can be derived from aU sorts of viruses, non- 
hmitmg examples of such viruses are: Retroviridae such as Human Immunodeficiency 
virus (HIV); a rubellavirus; paramyxoviridae such as parainfluenza viruses, measles 
mumps, respiratory syncytial virus, human metapneumovirus; flaviviridae such as ' 
yellow fever virus, dengue virus. Hepatitis C Virus (HCV), Japanese EncephaUtis Virus 
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-oh « Herpes S^ple. vm«, cytomegalovirus. Epstein-Batr vi™; Bunyaviridae- 

"^^^ - virus. C<»,^viridae sueh as 
hu-nan corona™.; Alphaviridae. Arteiviridae. ffloviridae such as Ebola^us 
Areuay-nda^ poxviridae such as su^pox virus, and Airican swtae fever virus' 
^ such aua^ may be derived fiou. paflK-geuic bac«a. ^ (u^^ 

LTIIT "^'^ '"^"^ ""^^^ ^.//.o W such 

Mary. ^ 3S c«i^ ^ 

^...ype A. such as K cW^ Gram-,«ga«ve e„«e paU«>geJin.,udi„ J, 

5a*«,^/«^«,^/^ 0^«., 3nd ^.fewc^o. as «eU as antigen ftom hall 
^ ^ Jeprosy. .uhe.cu.osis. diph««ria, Lyme disease, syp^s. ^hoir 

««h as 2^„.„ p^^,^_ ^ ^^^^^^ 

^o^, such as r. c™.-. Funga, .ntigens may include antigens ^m ftmgi such 

tilstoplasma c(y)sulattmt. 

Alti^u^ v^ination is generaUy appUed for 4c prophylactic protection against 
^ or for fl.e h^tinen. of diseases following pati„,genic inaction. d„ peT^ 
*Uled m ti„ ar. „ aware of me apphcation of vacci«s for tumor-heatinent leover 

hy human or humanized antibodies. Such tinnor-specific proWns are auT 
«tiun^sc.,pe„fti.presen.inventioaM«rytiunorsp.^^ 
4e ar. llereix.e. m one prefened emhodimen, ^ presen. invention provides 
r^^ti-ed Viral membranes comprising a Wr-specific antige. Sui«,le hnnor 
~ .aolude e.g carcinoembryonic antigen. pros.a^„ 
P-^ specilc antig«, protein Mza-E. polymorphic epifteHa, mucin (PEM) f!^ 

Fnedenre.ch m antigen, OM-2 and GD-2 gangUosides. Ep-CAM. mucin-l. epitiualia. 
glycoprotem-2, and colon specific antigen. epimiaual 

P^fe^Oa^fiomttesepaaogens are integral membrane protoms 
However, non-membr^ie protein antigens or parts thereof continuing protective 
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epitopes may also be modified for use in the present invention fusing them to a 
transmembrane sequence. Transmembrane sequences or membrane-anchoring 
sequences are well known in the art and are based on the genetic geometry of 
mammaUan transmembrane molecules. A transmembrane sequence usually consists of 
a sketch of about 10-30, usually around 20 amino acids, the majority of which having 
hydrophobic side chains. Transmembrane sequences are known for a wide variety of 
proteins and any of these may be used. Examples of membrane-anchoring sequences 
for use m the present mvention include e.g. those derived from CD8. ICAM-2 IL-8R 
CD4 and LFA-l . Preferably a transmembrane sequence is derived from viral Lgcal ' 
membrane protem that is naturally present in a viral membrane. Examples thereof 
mclude the transmembrane region of human respiiatoiy syncytial virus (RSV) 
glycoprotein G (e.g. amino acids 38 to 63) or the transmembrane region of influenza 
virus neuraminidase (e.g. amino acids 7 to 27). 

In another aspect, the present invention provides a method for producing a 
reconstituted viral membrane, comprising some or all of the following steps • (a) 
mudng an amphiphilic adjuvant, a viral fusion protein, an optional further antigen, and 
hpids m a solution comprising a detergent (b) decreasing the concentration of the 
detergent under conditions that allow reconstitution of a viral membrane comprising a 
hpxd bilayer in which the amphiphiUc adjuvant and the viral fusion protein interact with 
the hydrophobic mt^rior of the Upid bilayer, whereby preferably the amphiphiUc 
adjuvant and the viral fusion protein are not covalently linked, whereby preferably also 

the ampMphiUc adjuvant and the optional further antigen are not covalentlyM^ and' 
v^e^by the reconstituted viral membrane has membrane fi^on activity; (c) optio^y 
purifymg tt"- — ^ - \ ^ f 
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le into a pharmaceutical 
further comnriise? i\ Hioc 
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detergent such as octaethyleneglycol mono-JV-dodecylether ii) removing the viral 
genetic material and core proteins e.g. by differential ultracentrifugation THe detergent 
concentration is preferably decreased by dialysis, diafiltration or absorption ont« 
hydrophobic (and/or into size exclusion) beads, at the appropriate rate of removal of the 
detergent, that allows reformation of the membrane, wherein preferably the amphiphilic 
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said .econsbtuted vtal membxaae, hyd^ptobic im«acti<™, witt ibo 
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interior, hydrophobic region of the bilayer membrane, and/or .vith each other. The virus 
preferably is a membrane-containing virus such as most enveloped viruses. Preferred 
vmises for use as source of natural viral Upids are influenza viruses. Semliki Forest 
viras, or paramyxoviruses. 

Preferably, the method for producing a reconstituted viral membrane disclosed by 
the present invention comprises the step of purifying said reconstituted viral membrane 
Methods for purification of reconstituted viral membranes are known m the art and 
mclude e.g. differential and density gradient centrifogation and/or chromatography 
(size exclusion-, ion exchange- and/or affinity-chromatography). Detergents are 
amphiphiUc molecules with surface activity Suitable determents are detergent that 
efSciently dissolve the viral membrane components, but that do not denature the fusion 
protem. vnal c^sid and/or core proteins. e.g. zwitterionic detergents such as 
octaethyleneglycol mono-JV-dodecylether. 

Hydrophobic interactions result firom non-covalent, non-electrostatic attraction 
forces between hydrophobic substances that are present in an aqueous enviromnent In 
a further aspect the present invention provides a pharmaceutical preparation comprising 
as active ingredient a reconstituted viral membrane according 1x> the invention, and a 
pharmaceuticaUy acceptable carrier. Pharmaceutically acceptable stabilizing agents 
osmotic agents, buffering agents, dispersing agents, and the like may also be 
incorporated into the pharmaceutical compositions. The preferred form depends on the 
mtended mode of administration and therapeutic appUcation. TTie pharmaceutical 
carrier can be any compatible, non-toxic substance suitable to deUver the reconstituted 
viral membranes to the patient Phamiaceutically acceptable carriers for intranasal 
dehvery are exempUfied by water, buffered saline solutions, glycerin, polysorbate 20 
cremophor EL, and an aqueous mixture of capryUc/capric glyceride, and may be 
buffered to provide a neutral pH enviromnent. PharmaceuticaUy acceptable carriers for 
parenteral deUvery are exemplified by sterile buffered 0.9% NaCl or 5% glucose 
optionaUy supplemented with a 20o/o albumin. Preparations for parental administration 
must be Sterile. The parental route for administration of the polypeptide or antibody is 
m accord with known methods, e.g. injection or infiision by intravenous, 
intraperitoneal, intramuscular, intraarterial or intralesional routes. The reconstituted 
viral membranes are preferably administered by bolus injection. A typical 
pharmaceutical comnosition for intmmi,c,.„io^ , ^ , 
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for example, 1 - 10 ml of phosphate buffered saline and 1 to 100 ^g. preferably 15-45 

(of antigen protein) of the reconstituted viral membranes of the present invention 
For oral administration, the active ingredient can be administered in Uquid dosage 
forms, such as ehxks. syrups, and suspensions. Liquid dosage forms for oral 

. -d^^ation can contain coloring and flavoring to increase patient acc^ 

Methods for preparing parenlerally. orally or intranasally administrable compositions 

are weUkno^vn in the art and described in more detaU in various sources, mcluding for 
example. Remmgton's Pharmaceutical Science (15th ed. Mack Publishing. Easton PA. 
1980) (mcorporated by reference in its entirety for aU purposes), hi a further aspect, the 
mvention relates to a method for vaccmation against, or for prophylaxis or therapy of 
an mfectious disease or tumor by admmislxation of a therapeuticaUy or prophylactically 
effective amount of (a pharmaceutical Qomposition comprismg) reconstituted viral 
membranes of the invention to a subject m need of prophylaxis or therapy The 
mvention also relates to reconstituted viral membranes of the invention for use as a 
medicament, preferably a medicament for vaccination agamst. or for prophylaxis or 
therapy of an mfectious disease or tumor. The mvention funher relates to the use of 
reconstituted vkal membranes of tiie mvention m tiie manufecti^e of a medicament for 
vaccmation agamst, or for proohvlaxis or tT,««.«„ «f ... . 
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Description n f the fip pirag 

Kgurei: Schematic dmwing of the sucrose gradient used to analyze the physical 
association between Upopeptides. protem and lipids of the adjuvant-containmg 
reconstituted viral membranes. 
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Fxgurel: Two-dimensional thin layer chrt,matogram of tiie Upids and Upopeptides 

lecoveiedfiom tiie 10/40O/O sucrose mterface on gradients as outimedmFi^ Panel 
A: contiol, reconstituted viral membranes witiiout Upopeptide. showmg tiie nmhydrin- 
reactive natiiral viral Upids. Panel B: reconstitiited viral membranes containmg 
Upopeptides, showing tiie natiiral viral Upids reactive witii ninhydrin and tiie 
nmhydrin-reactive Upopeptides in addition. The chromatograms were developed m two 
dmiensions: system 1 CHCI3/ metiianoim.O 65/25/4, system 2 iV-butanol/acetic 
acid/water 2/1/1, and stained by derivatization witii ninhydrin stain. Sample loadmg 
sites are marked "spot". 
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Figurel: Electron micrograph of reconstituted viral membranes containing Upopeptides 
accordmg to the present invention; negative stain using ammonium phosphomolybdate. 
The membranes are about 100-200 nm in diameter. 

5 Figure4: IgA titers in nose and lung after two intranasal vaccinations with 

A/Panama/2007/99. 14 days apart; the titers were determined 3 weeks after the last 
vaccination. Pre-immune titers were subtracted. Vaccines used were a standard 
commercial subunit vaccine, virosomes prepared according to EP 0538437, or 
reconstituted viral membranes, containing Upopeptides. according to the pr«ent 
10 invention. Group size is 10 mice. 

Fig!^: IgG titers in blood after two intranasal vaccinations, 14 days apart; the titers 
were determined 3 weeks after the last vaccination. Pre-immune titers were subtracted. 
Vaccines used were virosomes prepared according to EP 0538437. or reconstituted 
viral membranes, containing Upopeptides, according to the present invention. Four 
different vaccine preparations, each containing antigen fiom one strain of virus as 
indicated, were used to vaccinate 4 groups of 10 mice. 
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Eigure6: Fusion activity of the reconstituted viral membranes according to the 
invention. Reconstituted viral membranes containing pyrene-phosphoUpid were mixed 
with erythrocyte ghosts and fusion was measured according tiie text. 

Hgurel: IgG titers in blood after a single intramuscular vaccination; ttie titers were 
determined 3 weeks after vaccination. Pre-immune titers were subtracted. Vaccines 
used were virosomes prepared according to EP 0538437. or reconstituted viral 
membranes, containing Upopeptides. according to tiie present invention. Group size 
was 10 mice. • 



30 



EgureS: Equilibrium density sucrose gradient analysis of reconstituted viral 
membranes from the AAVyoming strain of virus, showing a single denisty peak of 
reconstituted material; Upopeptides were recovered from fractions 4, 5 and 6. 
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'^Ott.mU.blood.ftein.^nasalva.oinaaonsondayOandU.inag^.up 
of 10 mice. Antigen was fonx to A/Pa.^007/99 stain of virus, to n^t^ 

EaBtlfi: IgAUtesinnoseand.un&inag»np„f,o„rfoe,afteUvointanasai 
vaccinations wifl> .^onstita^d n-cnO^ancs of to A/PananW2007/99 stadn. comaining 
the hpopeptide itolmitQji^ZSrbisnalinito 



•CVSteinyl-gPii 



EoUne, 14 days apart; the titers were detemuned 3 weeks after the last 
Pre-immune titers were subtracted. 



vaccination. 
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Examples 

I»ll»«.za virus >vas produced by g,o™>g virus «»,uired fiom the World 
Mueuza Center or fl,e Arx^ricaa Type Tissue Cultoe Collection (atcq, using 
meflrods kno«™ U, person i„ ^ g„ ^ ^ 

emhyonated eggs or cultoed cells. The vir^ ™s then purified, preferably by 

dtffaentisl or density gradieMul.racen.riiuga«o„oraco,nbina.ion4^^^ andmay 
subsequently be u.«=tivated by beta-propiolsctone or fbn^ 
established standard procedures. 

ne purified and concentrated influenza A*ffl.ama/2007/9 virus (1500 nmol 
phosphoHpid) ™s incubated wiflr 1 of the detergent octa(thylene glyc„l>^odeoyl 

u^noether(C12E8) (Boehringer.Mannhein. Gern^ny) ataconcentrationof 100 
uA^Ca concentration above the detergent's critical nnceUe concentr^ion is required) 

for 10 nnn at 4«C, in an iso,r,nic buffer at neutnd pH: 145 n>M NaCl, 2.5 mM HBPES 
lnHnH,TA,pH 7.4 (Buffer A). 11» viral nucleocapsid and matrix proteins were th» 
removed by centrifugaUon a. 100.000 x g for 30 min at 4»C. The peUet was diseased 

Z ITTT* liPopep-de a. a ratio Of 0.5 mg Upopeptide per" 

750 mnol of vnal hprd. and mixed untU the Upopeptide was dissolved. 128 mg of 
BtoBeads SM-2 (Bio-Rad) were added each 350 microUters of the mixtme. and 
d«erge« was removed by shaldng the mixture and 

hour. 11« flmd was then transferred to another 64 mg of fl^se beads and shakmg was 
con^ued for 10 mimics. Tl.e resultmg turbid supematam contains *e recons««rted 

vrral .nembranes. and can be used for vacch^uion with or withom ftrter purification 

For analysis of the physical associati^r between the lipids, Upopeptides and viral 
protems. ^ turbid mixture contaming the r^onsfl^rted viral membtanes was loaded 
atop a drscontnxuous sucro« gmdien^ c^Maiuing a 1 mL «^on of 40% sucrose (w/v) 
m buffo A and a 4 mL .op layer of 10% sucrose (w/v) in bufier A (as depicted m 
figute 1). The gr^aents were cemdfuged for 90 mimtes at 100.000 g_ and samples 
were taken fiom the 40% cushion, the inters between the 40% cushion and 10% top 
layer, a.- ih»n the top. h. these gradients, umnco.pora.ed viral pr^eins move into flj 
oushron during centrifcgation, Upid and Upopeptides no. present in Are reconstituted 
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membranes move to the top of the gradient, and reconstituted viral membranes can be 
found at the interfece (Figure 1). 15% of the viral Upid was found near the top of the 
gradient, as was 6% of the lipopeptide. 85o/„ of the viral Upid, 94«/o of the lipopeptide 
and 60% of the viral membrane protein loaded on the gradient were found to be 
associated with the reconstituted viral membrane band. 

To analyze the Upid composition of the band, two samples of reconstituted viral 
membranes, prepared according to the above protocol, or in the absence of added 
Upopeptide. were recovered from the 40/10% interfece of sucrose gradient as described 
above, and extracted with CHCL3/MeoH, according to Folch et al. (1957). The 
extracted Upids and Upopeptides were analyzed by two-dimensional Ihin layer 
chromatography, with CHCI3/ methanol/HaO 65/25/4 as the first eluent. foUowed by N- 
butanol/acetic acid/water 2/1/1. and stained by derivatization with ninhydrin stain (the 
plate was sprayed with 2% ninhydrin in N-butanol, and mcubated at 80°C for 10 
minutes). The results were shown in Figure 2, and clearly demonstrate the physical 
association of the natural Upids of the virus with the Upopeptides. 

Electron micrographs of the virosomes collected from the band of the gradient are 
shown in Figure 3 and clearly show particles the size of viruses, displaying the viral 
antigen spikes that are characteristic of influenza viruses. 
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Examplft 2: Intranafial ii 



tunization experiments usinp mr.^Tstituted vir^i ^^u^^rn 
conteininsthe Irpop e ptide AT-palmitoyl-S-. 3n>i.naln,,Wi.^V p,.„,l^,^,,„,,.,,^,_ 

Os^-lysine, the nati.n,1 Upids of influnn-^a viru« th. influ enza n..n,W. 
proteins. 

Vaccination by intranasal appUcation of a reconstituted viral membrane 
containing the influenza virus hemagglutmin and J\r.pahnitoyl-S-2.3(bispahnitoyloxy). 
propyl-cystehxyl-seryl.aysn)3-lysine, was compared to intranasal appUcation of a 
standard subunit vaccine, or a vfrosome vaccine prepared according to EP 0538437 
Balb/C mice were immunized by a intranasal instiUation of 10 microUters of antigen 
contaming 5 ^g of mfluenza proteins, on days 0. and 14. Blood samples were taken on 
day 0,14, and 35. nasal and lung washes were coUected on day 35. Several different 
strains of influenza virus were compared; mice were hmnunized with one type of strain 
each. Lung washes were performed by injection of 1.5 ml of PBS into the lungs via a 
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syringe connected to the txachea, foUowed by aspiration of 1 mL of fluid. Nasal >vashes 
were collected by injecting 0.5 ml of PBS retrograde, via the trachea, into the 
nasopharynx, the lavage fluid being collected at the nostrils. Debris and ceUular 
components were immediately removed fiom the lavage fluids by centrifugation. and a 
protease mhibitor mix (chemstatin, antipain. leupeptine, pepstatin, final concentration 1 
mxcrogram/ml, fi:om a 1000 x concentrated stock solution in dry DMSO) was added 
after which the samples were frozen in Uquid nitrogen and stored at -20 deg C until ' 
analysis. Samples were analyzed by IgA in nose and lung and IgG ELISA against 
influenza protems. The results are shown in Figure 4 and Figure 5 respectively. . 

Example 3: Membrane fasion acti.n> of. reconstitr rted m emW ... 
lipopeptide A.-palmitoy1-S-2,3(bi.spalnlitoy lo., .) propyl o.,mmMiMm^ 
the naturallipids of influenza virus mn^ne-l.h.l.. p i,.^u„.idvlcholin. 
influenza memhraue proteins 

Purified and concentrated influenza A;Panama/2007/9 virus (1 500 nmol 
phosphoUpid) was incubated with 1 ml of octa(ethylene glycol)-«.dodecyl monoether 
(C12E8) at a concenlxation of 100 mM. for 10 min at 4''C. in an isotonic buffer at 
neutial pH: 145 mM NaCl, 2.5 mM HEPES. 1 mm EDTA, pH 7.4 (Buffer A) Hxe 
viral nucleocapsid and matrix protein were then removed by centrifi^ation at 100 000 x 
gfor30minat4»C. The peUet was discarded. The supernatant was mixed with ti^ dry 
hpopeptide and pyrene-labeled phosphohpid at a ratio of 0.5 mg lipopeptide and 1 50 
nmol l-hexadecanoyl-2<l-pyrenedecanoyl)-sn-glycero.3.phosphatidyl^^^ per 750 
""lol of viral lipid, and mixed untU the hpopeptide and pyrene-labeled phosphoUpid 
were dissolved. 128 mg of BioBeads SM-2 (Bio-Rad) were then added to each 350 
microhlers of the mixture, and the detergent was removed by shaking the mixture and 
the beads vigorously for one hour. The fluid was theu IWerred to another 64 mg of 
these beads and shaking was continued for 10 minutes. 

For the measurement of membrane fusion, erythrocyte ghost target membranes 
were prepared from outdated red blood cell concentrates (blood type B. rhesus factor 
negative) by the method of Steck and Kant (1974) Fusion was measured at a 
concenlxation of 0.06 M of ghosts phospholpid and 1 ^M of virosomal phospholipid, in 
abuffer containing 140 mMNaCl. 15 mM sodium citrate at pH 5.1. Lipid mixing was 
monitored by dUution of pyrPC. For this purpose, pyxene exchner fluorescence was 



wo 2004/110486 



PCT/NL2004/000437 



10 



15 



20 



22 

at exciWon and emi^ w^engto „f 345 ^ 
™i (te^Jpass 1 6 nm), respectively, in the presem^e of a 475 nm cut-off filter to the 
~ b.^ B«*gro».d fluore^ ^ asse^ a. infirute ditotion ,f 4e probe 
whrch ^ obtair^J by adding 35 m of 0.2 M C12ES. Tl^ changes in fluorescence ' 
were converted to extents of teion (f, by calculating f = IO«x(E.Ey(E.E,). ^ E 
.epresents excin^r fluorescence at any time, and E, and represent, ^spectively, the 
totalities at 490 nm a, time zero and after the additton of C12E8. bofl, corrected for 
dUuhon effec^. The results, shown to figure 6 dearly todicate strong fusion activity of 
the reconstituted membrane, 

■ 

EWIPI^ 4; l l WBmUBOular in.m„n,-7.tio,l ^rrerin.^..., ..^^ ^ , ^ ,., , 

°Wlt»raM WBinjuB the lipopeptid. y nnln,.,ovl.S-, .f MrTr'-nitnT l i. ill 1 

^yl-^l-(iy ,il Vlysine. the .a-r,, y^. ^„., ^. 

25 m of tofluenza antigen (5 of protdn) was tojected to the muscle of one 

to^ leg ofBalh/C mice on day 0. Blood samples were taken on day 0 and 14 
AJP^mm s*dn Of virus was used for vacctoe preparation. Samples were 

-aly-d by IgG ELISA agatos. tofluenza hemaggluttoto. Tie resuhs are shown to 
Figure 7. 
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^^^teicaL characteri.^1ion of fimrti ^n^llv reco.s^^..A , 
centrifiig atinn 

Reconstituted memtaanes viral membranes contatotog the Upopeptide N- 

^ descrtbed me»mp,e 1, loaded atop a 10-60% w/v sucrose gradient, en centritoged 
at 5 000 rpm m a Beckmaa SW55 rotor for 16 hours. In «ns type of ^ent. Upids 
hpop^des remato at fl« top. while protetos migrate to .he bottommost facaon. 
Samples fiom the gradient were analyzed by refiactometry. proteto and phospholipid 
•"e—on. Tie results shown to Figum 8 show that essentiaUy all the viral proteto 
and most of the vaal lipid co-purift. to a stogie oeak. Al^ I.- 
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recovered from factions 4.5 and 6. These data indicate that the reconstituted 
membranes are particles with a density of around 1.12 g/ml. 



Examp le 6: Tntranas.1 imm.mi^.nn n ^^^^^,,^^^^^^ 

£Eroba) 3-prohne, the natural lip i ds of influenz. ^^•rus .nd th . influent. r.^u^.. 
proteins- ' 

Membranes >vere prepared fiom A/Panama/2007/99 as described in example 1 
abovcandusedtoinununi^nuceasdescribedinexampleZ IHe ELISA IgG titers in 
serum, and the IgA titers in nose and lung are shown in figures 9 and 1 0 respectively 
These data indicate that the lysine and proline derivatives of AT-pahnitoyl-S- 
2,3(bispahnitoyloxy).propyl-cysteinyl-seryl. result in approximately equivalent 
enhancement of the immune response. 
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mkJ. Lipopepades particularly sui«,le for making rcconstiWed viral membrane, 
accordmg to the invention. 



N-palmitoyl-S-2,3(bi^d^yloxy)-pn,pyi.cys teinyl-seiy^ 
S-2,3(bispahnitoyloxy) -propyl-cysteinyl-seryl-serine 




S-2,3(bisoleoyloxy>pr^ -cystemyl-seryl-aysin, -lysine 



N^pahnitoyl-S-23(bismyrii^yloxy)-propyl-oy^^yl,^^^^ 



S-2.3(bismyristoy io?qo^r^y^ 
N-pahm1oyl-S-3(pato^ ^gOyopyl.ey3 ]^^^^.^^^^^ 



N-pataritoyl-S-2,3hydroxy-propyl.cystei,y |.^l^y3U)^.ly^ 

«-paumu.y.-K-2,3(biq> alm.toyloxy)^^p yl.ey^yl.3,^,^^,^^^^^ 
^-palmitoyl-S-2,3(bi^5ii5i^g;^:^^^^ 
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